Objectives: This study was planned to evaluate whether possible changes in the hematological parameters and the biochemical markers can be used to detect obstruction-induced (strangulated) intestinal ischemia.
Inguinal hernia operations are the most common procedure performed by the general surgeons. The most common complication of this hernia is the incarceration of bowel leading to obstruction, reduction in blood supply and ischemic bowel. This occurs especially in very young babies. If missed, it leads to perforation, peritonitis, septicemia and death. So that, acute intestinal ischemia due to strangulated hernia or other causes have considerable morbidity and mortality rates. The high mortality and morbidity rates are mainly due to delay in diagnosis. Whatever the cause, the result of intestinal ischemia is injury ranging from completely reversible functional alterations to transmural hemorrhagic necrosis of portions or all of the bowel by the time. An early diagnosis in bowel ischemia prevents the necrosis, while the elimination of the obstruction relieves the patient free of the risk for peritonitis that is triggered by the perforation of the intestinal wall. [1] [2] [3] The key is not to delay laparotomy unnecessarily. So that it is of great importance to find a specific and rapidly elevating marker. The search in this field should be directed to a simple, accurate, objective, and costeffective test for diagnosis before changes resulted in irreversible damage in the intestinal wall. [4] The interventional radiologist can diagnose intestinal ischemia effectively with angiography which is still gold standard for the diagnosis of bowel infarction. However, contraindications to arteriography include hypotension or hypovolemia because of potentially increasing vasoconstriction and reducing specificity of findings. Contrast-induced nephrotoxicity should be considered. [5, 6] Overall rate of major complications of mesenteric angiography which may include external iliac artery dissection or deep venous thrombosis is 1.9-2.9%. [7] To enhance the early diagnosis of bowel ischemia and judgment of its severity, it may be helpful to detect the unusual existence or alterations in biomarkers in the body fluid. Yet, methods to diagnose are not useful enough for a successful diagnosis. [8] D-dimer is a plasmin-mediated fibrin degradation product. In recent studies, it has been suggested that serum D-dimer levels might be used for early diagnosis of intestinal infarction. [4, 9] The aim of this study was to assess the relevance of some serum biochemical parameters such as LDH, CPK, ALP, AST, ALT levels and analysis of whole blood count as a possible reliable marker for the diagnosis of intestinal ischemia.
MATERIALS AND METHODS
Forty male wistar albino rats weighing between 220 and 280 g were included into the study. The rats received free access to normal food and water before the experiment. Rats were divided into five groups each including eight rats. No surgical intervention was applied to group I (control) rats. For other four study groups, intestinal strangulation was employed for 30 minutes, 2, 4 and 6 hours, respectively through group 2 to group 5. After sacrification, blood and intestinal tissue samples were taken and blood CPK, ALP, ALT, AST, LDH, D-dimer, hematocrit levels, lymphocyte, neutrophil, platelets and leukocyte counts were also detected.
The experimental protocol was designed according to the Principles of Laboratory Animal Care and ethical standards for animal use and approved by the local ethical committee for animal use of experimental purposes.
Induction of Ileal Loop Strangulation
After an overnight fast, anesthesia was administered by 10 mg/kg ketamine hydrochloride (Ketalar®, Eczacıbaşı, İstanbul) intraperitoneally. After a 2 cm midline skin incision, then 5 cm long ileal loop was pulled trough the hole constituted on the fascia into subcutaneous area and subjected to strangulation. The hole on the fascia was narrowed up to approximately 0.5 cm by prolene suture for standardization and insurance of strangulation intestinal ischemia ( Fig. 1) . All rats were then resuscitated with 10 ml of normal saline solution into the peritoneum. No antibiotics and analgesics were used in the study.
Laboratory Analysis
Blood samples were collected by cardiac puncture into tubes containing 0.123 mol/L sodium citrate. Plasma was separated by centrifugation at 3000 g for 10 min and stored at -70ºC until assay. A latex agglutination test (D-di Test®, Diagnostica Stago, France) was used for D-dimer measurements. Values of <0.5 µg/ml were considered normal, since the D-di Test reacts with the levels of >0.5 µg/ml. Leucocytes, neutrophils, platelets and lymphocytes were measured on ABX-PENTRA 120 DX® Hematology Analyzer (ABX Diagnostics, France). Biochemistry testing, including AST, ALT, LDH, ALP, CPK and D-Dimer was measured by UV-kinetic method with Olympus AU 2700® autoanalyzer (Olympus Diagnostics GmbH, Hamburg, Germany).
Fig. 1.
The appearance of subjected strangulated hernia in a rat.
Histopathologic Examination
Tissue samples from ischemic intestinal segment were fixed in buffered formaline for 24 hours. After routine pathologic proceeding, paraffin blocks were obtained and 5 µm thickness tissue slides were stained with hematoxylin and eosin. Tissue necrosis in stained slides were examined with light microscope (Nikon®, Tokyo, Japan). Histopathological results were graded as from grade 1 to grade 4 representing normal tissue, partial mucosal necrosis, mucosal hemorrhagic infarction and transmural hemorrhagic infarction, respectively.
Statistical Analysis
All data were assessed using a SPSS 11. 
RESULTS
The samples were evaluated blindly by a pathologist in a light microscope. The histopathological evaluation of the small intestine samples obtained from all members of groups. In group 1 there were no pathological findings. In group 2 dilatation were only seen in mucosal and submucosal vessels and no tissue necrosis was found (Fig. 3a) . In Group 3, there were focal mucosal necrosis accompanied by dilated mucosal and submucosal vessels. However, in all segments, submucosa and muscularis propria were found intact (Fig. 3b) . In 4th, 5th and 6th Groups, major histopathologic findings were transmural tissue necrosis, mucosal necrosis in wide areas, and intact mucosa was very scant (Fig. 3c ).
Beside these, there was about 2 times increase in the levels of CPK levels of group 3 compared to group 2 (p=0.033). The increase in ALT levels were highly significant at 2nd hour as compared to control group's (p<0.001). Also, ALP, neutrophil and D-dimer levels of groups (group 2, 3, 4, 5 and 6) became increased and a statistical significance was found at 2nd hour in a relationship with the histopathological findings (p<0.001, p=0.034, p<0.001, respectively). In spite of the fact that the other parameters increased the results were not statistically significant (Table 1) (Fig. 2) .
DISCUSSION
In acute intestinal ischemia due to strangulated hernia or any other reason, mortality and morbidity rates are still high. It is in consequence of delay in diagnosis due to lack of a simple, accurate and objective test indicating 
Fig. 3. (a) Vascular dilatations and necrosis in submucosal region are illustrated (HE x 50). (b) Focal mucosal necrosis and inflammatory infiltrations of PMNL into the lamina propria are seen (HE x 100). (c) Transmural necrosis (HE x 50).

Fig. 2.
Line graphics illustrating the increase in serum parameters by the time.
intestinal necrosis. [9] When the degree of the intestinal injury is estimated, it can be decided that whether any additional therapeutic interventions such as resection of necrotic intestine are necessary. Intracellular enzymes can be useful for estimating tissue damage. [10] In addition, D-dimer is supposed to play a role as a potential prognostic marker in many conditions such as pulmonary embolism, coronary arterial diseases. [11, 12] Also it is shown that the D-dimer levels and some of hematological parameters are increased in gastrointestinal disorders such as acute upper gastrointestinal hemorrhage and intestinal ischemia reperfusion injury. [13, 14] Various studies were designed for definition of parameters that could indicate intestinal necrosis. In this study we inspected the changes in biochemical and hematologic parameters when intestinal ischemia develops by the time and we also demonstrated the relationship between these parameters and the histopathological findings. It discriminates our study from the others. [4, 9, 15] Lesions of the intestinal submucosa are healed by regeneration. However, when the necrosis reaches the muscular layer in transmural necrosis, more complications develop such as perforation or peritonitis. [1, 2] In our experimental study, at 2nd hour, there were mucosal necrosis in all segments, yet submucosa and muscularis propria were found intact. However, beyond the 4th hour, major histopathological findings were transmural tissue necrosis and mucosal necrosis in wide areas, and intact mucosa were very scant. So that, the time beyond the 2nd hour, it can be assumed that the rate of complications and morbidity will be increased.
In this study, CPK activity, a seromuscular enzyme, started to increase within 2 hours, doubled at 4th hour and stayed significantly high until six hours (p=0.033). In the study of Graeber et al., [16] it was discovered that significant elevations in serum total CPK appeared at three hours after injury and reached maximal values at nine hours after injury in the dogs undergoing experimental mesenteric artery infarctions.
The sources of ALP are liver, intestine, placenta and bone. Pathologies involving these tissue and organs cause high levels of ALP. Isoenzymes of ALP can show the source. But, it is not feasible in case of emergency. This is the reason why we prefer to study total ALP levels. In some studies, it has been expressed that the observation of rise in ALP levels might be helpful in diagnosis of mesenteric infarctions. [15, 17] In the current study, mean ALP levels increased from control values of 107 IU/L to 186 IU/L and it was statistically significant (p<0.001). And then the levels did not decrease till 6th hour.
In an experimental study in which superior mesenteric arterial occlusion was performed Gumaste et al. [8] found significant increase in ALT levels in portal blood without insignificant increase in heart blood in test animals. Our experimental findings were different from the observations of Gumaste et al. [8] We found that ALT levels were significantly elevated in rats with strangulated hernia after the second hour despite we obtained the blood from heart by puncturing. Our results were consistent with the study of De Toma et al., [15] which was conducted on dogs.
Our results revealed that serum D-dimer levels have increased in a time-dependent fashion till 2nd hour. The results peaked at 2nd hour and were statistically significant. It was also consistent with other studies which had implied that the measurements of D-dimer might be used for the early diagnosis of intestinal ischemia. [4, 9] However, beyond 2nd hour, the levels started to decrease and also were not meaningful when compared with control group. So, it may not be able to demonstrate the stage and severity of intestinal necrosis.
In case of intestinal obstruction due to intestinal ischemia, the shift of intravascular volume into the bowel wall causes hemoconcentration. [1] In our study, we also observed significant hemoconcentration. But it was not specific for the necrosis. The hemoconcentration started within 30 minutes and endured.
In some studies it was investigated that whether monocyte, neutrophil, and lymphocyte were indicators of the immune response and/or whether this response was stimulated by bowel injury. [18, 19] In our study, neutrophil levels were significantly elevated at 2nd hour, when the focal mucosal necrosis accompanied by dilated mucosal and submucosal vessels seen histopathologically. In some studies, it is predicted that there is a doubling of neutrophil count approximately three hours after surgery. [20, 21] In our study, the doubling time of the neutrophil count was two hours after surgery. Nevertheless lymphocyte levels were decreased with respect to time and it was statistically significant at forth hour.
In the previous studies, the parameters that can indicate the severity of intestinal necrosis were not correlated with histopathological findings. [19, 22] In addition to hematological findings and biochemical markers, we evaluated histopathologically the small intestine samples obtained from all members of all groups and compared the results with the laboratory findings. So that the time for the development of irreversible intestinal necrosis is important for the early therapy.
In conclusion, our results suggest that plasma ALT, ALP, CPK, D-dimer levels and neutrophil count are sensitive indicators in the early diagnosis of bowel ischemia demonstrated by histopathological examination and elevations in these parameters may be a diagnostic aid for assessing the necessity of surgical intervention in human. However, a more comprehensive clinical study is required to evaluate the potential survival benefit using the laboratory tests as a marker and/or a useful diagnostic tool for assessing the need for laparotomy.
